Background: Percutaneous endoscopic discectomy (PED) has been reported to be an effective procedure and minimally invasive surgical therapy for various spinal pathologies. Objective: To evaluate the clinical outcome of patients with pyogenic spondylitis who were treated with PED. Methods: Twenty-four patients with pyogenic spondylitis who underwent PED were evaluated for medical history, level of the affected intervertebral space, mode of onset, plain radiographs, epidural or psoas abscesses on MRI, results of blood and intraoperative sample cultures, preoperative C-reactive protein (CRP) level, time until postoperative CRP normalization (CRP < 0.3), and any additional surgery. Patients who underwent additional surgery and showed uncontrollable inflammation were considered to have "failed" PED for pyogenic spondylitis. To elucidate the factors that were significantly associated with a failure of PED for pyogenic spondylitis, statistical analyses were conducted by univariate analysis. Results: Control of inflammation was achieved in 19 of 24 patients (76%) after PED for pyogenic spondylitis. The remaining five patients failed to achieve infection control by PED. One such patient was not able to control the infection after PED, and another patient developed an epidural abscess 2 weeks after PED. Remaining three "failed" patients had exacerbations of their infections during the postoperative course and required additional surgery. Univariate analyses demonstrated that diabetes mellitus (DM; p ¼ 0.05), hemodialysis due to DM-induced renal failure (p ¼ 0.02), concomitant malignant disease (p ¼ 0.09), and acute onset (p ¼ 0.05) were possibly correlated with PED failure. Stepwise logistic regression analysis revealed that hemodialysis due to DMinduced renal failure was an independent factor associated with PED failure (p ¼ 0.03). Conclusions: PED might be considered as one of the alternative therapeutic options before invasive radical surgeries for pyogenic spondylitis after failure of standard conservative therapy. Even by less invasive PED, pyogenic spondylitis patients with DM-hemodialysis showed poor outcome.
correct adequate antibiotics, and spinal deformity, of which conditions should be considered to surgical intervention. 1, 2 However, the number of complicated cases with difficulty to treat by standard conservative therapies due to aging of the Japanese population and increases in the number of patients with multiple comorbidities and the number of immunocompromised hosts. Therefore, it is important to minimize the invasiveness of the alternatives to the standard conservative therapies. Percutaneous drainage is one minimally invasive treatment option for intractable pyogenic spondylitis. 3 Previous studies have demonstrated the efficacy of percutaneous endoscopic discectomy (PED) as a minimally invasive surgical therapy for various spinal pathologies. [4] [5] [6] [7] [8] [9] However, the optimal indication and limitation of PED for pyogenic spondylitis remains to be elucidated, although the previous reports described the usefulness of PED for pyogenic spondylitis by relatively small case series. Therefore, the primary aim of the present study was to elucidate the limitation of PED for pyogenic spondylitis by analyzing outcome of our retrospective case series.
Patients and methods

Patients
In the present study, we retrospectively reviewed the clinical records of 28 patients who underwent PED for pyogenic spondylitis between June 2009 and June 2015 at our institution. Three patients with microbiology cultures positive for mycobacterium tuberculosis or mycobacterium avium species, because infections with these bacteria cause different clinical entities than pyogenic spondylitis, and one patient who died from systemic disseminated bacteremia within 2 weeks of PED were excluded. Therefore, the present study included 24 patients (19 male and 5 female) ( Table 1 ). The average age at the time of surgery was 69.2 years (range 46-88 years), and the average follow-up period was 28.7 + 21.6 weeks after PED (Tables 1 and 2) .
Data collection
The patients were retrospectively evaluated for medical history, level of the affected intervertebral space, mode of onset, plain radiographs, presence or absence of epidural or psoas abscesses on magnetic resonance imaging (MRI), results of blood and intraoperative sample cultures, preoperative C-reactive protein (CRP) level, time until postoperative CRP normalization (CRP < 0.3), and any additional surgery. The mode of onset was evaluated using the Kulowski classification, 10 and plain radiographs were evaluated using the modified Griffiths classification (Table 3) . 11 Surgical Procedure of PED PED was performed under general anesthesia. The surgery was performed with the patient in the prone position. A small 1 cm incision was made into the skin, and a spinal endoscope (Richard Wolf GmbH, Knittlingen, Germany) was inserted into the center of the affected intervertebral disc under fluoroscopy via a posterolateral approach. A sample was collected from the lesion and submitted for bacterial culture testing. The cartilage end plate was then curetted. Bleeding from the vertebral end plate was confirmed by washing with physiological saline, after which the surgery was completed. The wound drain was left in place for 1 week on average. The mean duration of surgery was 81 min (range 39-158 min), and the volume of blood loss was minimal in all patients ( Table 2 ).
Statistical analyses
To elucidate the factors that were significantly associated with a failure of PED for pyogenic spondylitis, statistical analyses were conducted as follows. Patients who underwent additional surgery after PED due to intractable pain and/or neurological deficit and who showed uncontrollable inflammation (sustained elevation of CRP level more than 1.0 mg dl À1 ) 6 weeks after PED were considered to have "failed" PED for pyogenic spondylitis. Univariate analysis was used to determine the correlations between PED failure and patient factors (age, sex, concomitant diseases including diabetes mellitus (DM), hemodialysis due to DM-induced renal failure, concomitant malignant diseases, and initiation of symptoms according to the Kulowski classification), imaging assessments (affected vertebral level, plain radiograph class according to the modified Griffiths classification, and epidural or psoas abscess observed on MRI), and laboratory data (CRP level before PED surgery and positive pre-and/or intraoperative bacterial cultures). Factors that showed a p < 0.1 were selected for further analyses. Next, the selected factors were used for logistic regression analyses using a stepwise method to determine which factors were significantly associated with failure of PED for pyogenic spondylitis. The values of p < 0.05 were considered statistically significant. All analyses were conducted using JMP (version 10.0.2; SAS Institute, Cary, North Carolina, USA).
Results
Comorbidities included diabetes, which was defined as the need for insulin injections or oral diabetes drugs, in 10 patients; use of oral steroids in 2 patients, dialysis due to DM-induced chronic kidney failure in 5 patients, cancer in 5 patients, liver cirrhosis in 3 patients, and prior infection of another site in 4 patients. The onset was acute in 15 patients and insidious in 9 patients. Concomitant epidural and psoas abscesses were observed in 4 and 4 patients, respectively. Bony changes detected on plain radiographs according to the modified Griffiths classification included grade I changes in 13 patients, grade II in 9 patients, and grade III in 2 patients. The level of the affected intervertebral space was T11/12 in one patient, L1/2 in three patients, L2/3 in nine patients, L3/4 in two patients, L4/5 in five patients, and L5/S1 in four patients (Tables 1 and 2) . Bacteria were detected in the preoperative blood cultures of nine patients. Bacteria included methicillinsensitive Staphylococcus aureus in two patients, Streptococcus in four patients, Escherichia coli in one patient, Klebsiella pneumoniae in one patient, and Corynebacterium in one patient. Bacteria were also detected in the intraoperative sample cultures of four patients. Bacteria included methicillin-resistant S. aureus in one patient, Staphylococcus epidermis in one patient, K. pneumoniae in one patient, and Gram-positive bacteria in one patient. As a result, definitive pathogen detection was obtained in 13 of 24 patients ( Table 4 ).
Control of inflammation was achieved in 19 of 24 patients (76%) after PED for pyogenic spondylitis Figure 1 ). In those who achieved inflammation control, the average time between PED and negative conversion of CRP level was 3.9 + 2.3 weeks ( Table 4 ). The remaining five patients failed to achieve infection control by PED. One such patient, a 75-year-old woman with hepatitis C, was not able to control the infection after PED and died 9 months after surgery (Figure 2(a) to (c)). Another patient who failed PED developed an epidural abscess 2 weeks after PED, requiring additional posterior decompression due to lower extremity palsy. The patient died 3 months after PED (Figure 2 Stepwise logistic regression analysis revealed that hemodialysis due to DM-induced renal failure was an independent factor associated with PED failure (p ¼ 0.03), whereas the other factors we examined, including DM (p ¼ 0.1), concomitant malignant diseases (p ¼ 0.13), and acute onset (p ¼ 0.9), were not significantly associated with PED failure (Table 5 ).
Discussion
The present study found that hemodialysis due to DM-induced renal failure was an independent risk factor for PED failure in patients with pyogenic spondylitis. There is a possibility that DM-hemodialysis patients fall into unfavorable outcome regardless of which surgical procedures is performed because DM-hemodialysis patients are extremely immunocompromised. True limitation of PED for pyogenic spondylitis remains unclear.
The traditional treatment of pyogenic spondylitis includes bed rest and administration of antibiotics following an evaluation of blood cultures and tissue biopsy. An additional conservative treatment option is percutaneous puncture and insertion of a drainage tube. 12 However, these conservative therapy options generally lead to prolonged recovery times. Because the mean age of patients with pyogenic spondylitis is rising, reduction in treatment times is desirable. Furthermore, the incidence of pyogenic spondylitis is rising in immunocompromised hosts, such as patients taking oral steroids, diabetic patients, and longterm hemodialysis patients. 13 Patients with increased susceptibility to infection might be resistant to conventional conservative treatments and thus require surgical intervention. 14 However, it can be difficult to weigh the pros and cons of surgical invasiveness versus efficacy in immunocompromised patients. The surgical invasiveness of extensive lesion curettage and spinal fusion combined with autologous bone grafts cannot be ignored, particularly in immunocompromised patients, although it is a curative surgical procedure for pyogenic spondylitis. Hence, less invasive surgical procedures such as PED may be a safer option in this patient population.
PED for pyogenic spondylitis has several advantages. First, PED is a minimally invasive procedure and can be performed without extensive soft tissue dissection. Second, tissue collection can be performed under endoscopy, allowing for direct detection of pathogens. Third, intensive curettage and washing of the infection focus can help control the infection, compared with a simple percutaneous puncture and drainage tube insertion. Finally, the PED surgical procedure encourages bleeding from the vertebral endplates 4 , which maximizes the effects of antibiotics. On the other hand, PED for pyogenic spondylitis has several limitations. First, PED cannot control the intervertebral instability that frequently occurs as a consequence of inflammatory destruction of the vertebral endplates. Second, compared with curettage/bone grafting, PED cannot introduce fresh bone tissue to act as a scaffold for re-vascularization and new bone formation. In spite of these limitations, minimally invasive PED, rather than aggressive surgical treatment, should be considered after failed conservative therapy, especially in immunocompromised patients. 5 We found that infection was difficult to control in patients with end-stage kidney failure caused by DM. It can be difficult to determine the optimal surgical strategy in such severely immunocompromised patients. In those immunocompromised patients that fail PED, extensive lesion curettage and spinal fusion combined with autologous bone grafts is the next treatment option. However, DM-hemodialysis patients generally have several other severe comorbidities, including coronary artery disease, liver dysfunction, cerebrovascular diseases, and so on that restrict their ability to tolerate invasive surgical procedures. In this patient population, the optimal choice of surgical procedures remains unclear.
Major limitations of the present study were small number of patients, relatively short-term follow-up and limited outcome measure focusing only to the attenuation of inflammation parameter. Small sample size leads to difficulty in interpretation of the results. Although the analysis of cause of treatment failure is obscure because of the small number of failure patients, we tried to clarify the cause of treatment failure to determine the future direction of our daily clinical practice. Short follow-up period can give rise to incomplete conclusion. In the present study, we only evaluated the attenuation of the inflammatory parameter. Further investigation including clinical outcome measures and radiographic parameters is needed to elucidate true efficacy of PED for pyogenic spondylitis. 
